Anoikis is a mode of apoptotic cell death, consequential to insufficient cell-matrix interactions and a critical player in tumor angiogenesis and metastasis. The events involved in tumor cell progression toward metastasis potential are mediated by integrins, which upon engagement with components of the extracellular matrix (ECM), reorganize to form adhesion complexes. Targeting apoptotic players is of immense therapeutic significance since resistance to apoptosis is not only critical in conferring therapeutic failure to standard treatment strategies, but anoikis (apoptosis upon loss of anchorage and detachment from ECM also plays an important role in angiogenesis and metastasis. The ability to survive in the absence of adhesion to the ECM, enables tumor cells to disseminate from the primary tumor site, invade a distant site and establish a metastatic lesion. Tumor cells can escape from detachment-induced apoptosis by controlling anoikis pathways, including the extrinsic death receptor pathway and the ECM-integrin mediated cell survival pathway. Considering the functional promiscuity of individual signaling effectors, it is critical to dissect the molecular networks mechanistically driving tumor cells to evade anoikis and embark on a metastatic spread. Resistance to die via anoikis dictates tumor cell survival and provides a molecular basis for therapeutic targeting of metastatic prostate cancer. Further dissection of critical anoikis signaling events will enable the therapeutic optimization of anoikis targeting to impair prostate cancer metastasis prior to its initiation. This review will discuss the molecular understanding of anoikis regulation in the tumor microenvironment and the in vivo pharmacological implementation of a novel class of antitumordrugs to optimize apoptotic-based therapeutic targeting, bypassing anoikis-resistance to impair prostate cancer progression to metastasis. Potential combination strategies targeting tumor vascularity (via anoikis) and impairing tumor initiation (via "classic" apoptosis), provide strong therapeutic promise for metastatic prostate cancer by preventing the onset of metastasis.
INTRODUCTION
Metastasis is the spread of tumor cells from a primary tumor to a secondary site in the body remains one of the most life-threatening pathological events, responsible for 90% of cancer death in humans (Weigelt et al., 2005; Yilmaz and Christofori, 2009 ). Cancer metastasis is a multistep and complex process that involves dissociation of the tumor cells from the organ of origin, degradation of the extracellular matrix (ECM), cell migration, anchorage-independent growth, apoptosis evasion, angiogenesis, invasion of surrounding tissues, cell adhesion, movement and colonization to distant sites in the body (Fornaro et al., 2001) (Fig. 1) .
Prostate cancer is a heterogeneous cancer with a natural history of progression from prostatic intraepithelial neoplasia (PIN) to locally invasive androgen-dependent to androgenindependent metastatic disease which is associated with patient mortality. Androgenindependent prostate cancer cells become resistant due to roadblocks in apoptosis and depending on the interactions with the tumor microenvironment, acquire invasive and metastatic properties (McKenzie and Kyprianou, 2006) . Overcoming the androgenindependence of prostate tumors is considered the most critical therapeutic endpoint for improving patient survival (Feldman and Feldman, 2001; Debes and Tindal, 2004) . Radical prostatectomy, androgen-ablation monotherapy and radiation therapy are considered curative for localized prostate cancer, but no effective treatment for patients with metastatic disease is currently available. There are two primary contributors towards the emergence of androgenindependent metastatic prostate cancer: activation of survival pathways, including apoptosis suppression and anoikis resistance and increased neovascularization (McKenzie and Kyprianou, 2006; Wang et al., 2007) . Both tumor epithelial and endothelial cells require attachment to the ECM for survival and upon loss of adhesion, cells undergo detachmentinduced cell death, or anoikis. Molecular targeting of apoptotic signaling pathways has been extensively studied in recent years and directed towards the development of effective therapeutic modalities for treating advanced androgen-independent prostate tumors. The majority of therapeutic agents act through intrinsic mitochondrial, extrinsic death receptor pathways or endoplasmic reticulum (ER) stress pathways to induce apoptosis. Anoikis induction may provide an alternative to treat patients with metastatic disease. Insightful dissection of the signaling pathways associated with the novel compounds may lead to effective exploitation of anoikis for therapeutic targeting of metastastic prostate tumors. Targeting tumor cell metastasis holds considerable therapeutic promise for the benefit of patients with advanced prostate cancer. This review focuses on the therapeutic value of anoikis targeting and the mechanisms conferring anoikis resistance in metastatic prostate tumors.
EXPLOITATION OF APOPTOSIS IN CANCER THERAPY

Anoikis: Cells Gain Freedom and Meet Death
Anoikis is a Greek word meaning "loss of home", was originally defined by Frisch and Ruoslathi a decade ago as a unique phenomenon reflecting apoptotic cell death upon insufficient cell-matrix interactions (Frisch and Ruoslahti, 1997; Frisch and Screaton, 2001 ). This unique mode of cell death was later recognized as a significant player in tumor angiogenesis and metastasis (Frisch and Ruoslahti, 1997; Frisch and Screaton, 2001; Rennebeck et al., 2005) Upon detachment, epithelial and endothelial cells normally undergo apoptosis; thus anoikis can suppresses the expansion of oncogenically transformed cells. However acquisition of resistance to this process by the tumor cells, facilitates their ability to migrate to secondary sites and establish metastatic lesions. One can describe that during metastatic progression, cells are in a dynamic state lacking firm attachment to the ECM and susceptible to anoikis (Rennebeck et al., 2005) . During the process of anoikis, both death receptor pathways and mitochondrial pathway are activated (Frisch and Ruoslahti, 1997; Frisch and Screaton, 2001) . Cell detachment simultaneously triggers down-regulation of Bcl-xL, an anti-apoptotic component of the mitochondrial pathway (Rosen et al., 2000) , and up-regulation of Fas ligand (FasL), an activator of the death receptor pathway (Rosen et al., 2002 ) within a minutes after detachment (Loza-Coll et al., 2005) . However, a subpopulation of cancer cells become resistant to detachment induced pro-apoptotic stimuli and after entering the blood stream successfully metastasize to locations distant from the primary site. The contribution of key signaling effectors of the anoikis mode of cell death, to the development of anoikis resistance prostate in tumor epithelial cells, resulting in the metastatic spread has not been explored.
Mechanistic Insights into Anoikis Signaling
2.2.1
The Death Receptors Lead-The death receptor pathway is the major cell death pathway in responsible for anoikis in non malignant and malignant cells. Death receptor pathway is activated by the binding of the death ligands such as FAS or TRAIL at the extracellular domain of the death receptor causing oligomerization of the receptors. Upon ligand binding, death effector domain (DED) of Fas-associated death domain (FADD) binds with caspase-8 and mediates formation of death inducing signaling complex (DISC). Formation of DISC, further stimulate the caspase-8 dimerization and get cleaved to become active. The active form of caspase-8 is released to the cytoplasm where it activates and cleaves downstream effectors, such as caspase-3 and 7 to induce apoptosis (Simpson et al., 2008) .
The primary endogenous inhibitor of the death receptor pathway is FLIP (FLICE-inhibitory protein). This effector consists of two DEDs and a C terminus caspase-like domain where provide the structural similarity to caspase-8. Upon binding, FLIP substitutes active-site cysteine residue to tyrosine, leading to inactivation of caspase-8. Functionally FLIP has higher affinity to the DISC compared to caspase-8, thus blocking caspase-8 recruitments and subsequent activation (Scaffidi et al., 1999) . In normal cells, upon loss of cell contact with ECM, Fas ligands and Fas receptor are up-regulated, while FLIP expression is down-regulated. These changes in apoptosis signaling effectors trigger downstream caspase-8 activation in a FADD dependent manner, leading to apoptosis (Aoudjit and Vuori, 2001) . In malignant cells, even though cells lost contact with the ECM, the system becomes dysfunctional, as tumor epithelial cells fail to activate the death receptor mediated caspase-8 activation despite increased expression of FAS ligands and FAS receptor, ultimately conferring anoikis resistance. The driving molecular mechanism of this effect can be partially explained by the failure of cancer cells to down-regulate FLIP expression after detachment (Simpson et al., 2008) . This provides the first basis for targeting FLIP in anoikis resistant cells towards the formulation of a novel therapeutic approach to treat metastatic prostate cancer. The emerging evidence is indeed very promising: Using small molecules, chemical inhibition of FLIP sensitized cells to apoptosis stimuli and reversed the anoikis resistance in malignant cells, without inducing apoptosis in adherent cells (Mawji et al., 2007a (Mawji et al., , 2007b .
Integrins:
Vital Connections "Unplugged"-Attachment of epithelial and endothelial cells to the ECM is essential for the tight regulation of cell proliferation, cell survival, and migration. The functional contribution of integrins is essential for such processes, as integrins recognize the major adhesive ECM components, fibronectin and laminin, (Giancotti and Ruoslahti, 1999; Goel and Languino, 2004) . Integrins are transmembrane proteins that serve a role as primary mediators of cell-ECM interactions that are functionally involved in determining tumor angiogenic response during cancer progression to metastatic disease (Fornaro et al., 2001; Goel and Languino, 2004; Goel et al., 2008) . Integrins contribute for signal transduction from the extracellular environment to the intracellular network mediated by integrin-activated signaling molecules, such as focal adhesion kinase (FAK), phosphatidylinositol 3-kinase (PI 3-kinase), and members of the extracellular signal-regulated kinase 1 and 2/mitogen activated protein (ERK1 and 2/MAP) kinase family to regulate cell proliferation, migration, and apoptosis of tumor and endothelial cells (Fornaro et al., 2001; Nikolopoulos et al., 2004) . Loss of integrin mediated epithelial cell-ECM interactions, cause loss of phosphorylation in downstream effectors such as FAK, PI3-K, ERK1 and MAP kinase, which are known to mediate cell susceptibility to anoikis. Among the integrin family, especially, integrins β1, β3 and β6 were found to be up-regulated during prostate cancer progression to metastasis (Goel et al., 2008) .
The SRC family of kinases (SFK) is the largest family of nonreceptor protein tyrosine kinases, that consists of nine members including, Blk, Fgr, Fyn, Hck, Lck, Lyn, Src, Yes, and Yrk. SFK are responsible for signal transduction mediated through growth factor receptors, integrin, guanosine phosphate-binding protein-coupled receptors (GPCRs), cytokine receptors, immunological recognition receptors (Fizazi, 2007) . Within the SFK family, Src is the most widely studied protein and play significant role during cancer progression (Fizazi, 2007) . A highly activated viral version of Src (v-Src) is the first oncogene to be discovered and responsible for the transforming properties of the oncogenic Rous sarcoma virus (Yeatman, 2004) . In focal adhesion complex, Src activation is mainly mediated through β1 integrin. Upon cell adhesion, ECM-integrin mediated signals activate Src through FAK and loss of adhesion resulted in inactivation of Src. As Src activation resulted in activation of PI3-K/Akt signals, loss of SRC activation induces anoikis (Giannoni et al., 2008 (Giannoni et al., , 2009 ). Activation of SRC has been linked to anoikis resistance in various cancer including osteosarcoma, pancreatic carcinoma and prostate cancer (Diaz-Montero et al., 2006; Duxbury et al., 2004; Giannoni et al., 2008 Giannoni et al., , 2009 . Src is highly expressed in prostate cancer and its targeting has already shown evidence of therapeutic value by significantly impairing prostate cancer metastases to the lymph nodes (Park et al., 2008) . Moreover, Src has been shown to be functionally linked to the transition of androgen-independent growth of prostate tumors, while up-regulation of FGR (SFK member) is frequently observed in castration-resistant androgen-independent prostate cancer (Edwards et al., 2003) . Since Src is a core player during bone turn over by regulating both osteoclastic and osteoblastic activities, Src plays essential role during bone metastasis (Fizazi, 2007) . Indeed inhibition of Src delayed the appearance of prostate tumor bone metastasis via IGF and IGF-1 binding protein mediated signals (Fizazi et al., 2003) . The multiplicity of the role of Src during cancer progression, justifies the intense focus on a specific Src inhibitor for the treatment of advanced prostate cancer.
The phosphatase and tensin homolog deleted on chromosome 10 (PTEN) is a highly conserved tumor suppressor gene that induces cellular apoptosis through its modulation of the P13K/AKT signal transduction pathway. (Hlobilkova et al., 2003) . PTEN directly suppress the phosphorylation of AKT, which is essential for its activation and targeting of its many downstream effectors (Wang et al., 2003) . Loss of PTEN is commonly observed in treatment resistant and poorly differentiated prostate cancers which mediate constitutive activation of the P13K/AKT pathway and subsequent apoptotic resistance (Davies et al., 1999) . Restoration of PTEN activity in PTEN deficient prostate cancer cell lines increases sensitivity to FADD mediated caspase-8 driven apoptosis as well as to facilitate BIDD cleavage allowing for cytochrome c release and subsequent mitochondrial driven apoptosis (Yuan and Whang, 2002) .
AKTs are activated by second messengers via phosphatidylinositol 3′-kinases (P13Ks), which phosphorylation is counteracted by the activity of PTEN phosphatases (Stern, 2004) . In prostate cancer, AKT phosphorylation occurs constitutively through loss of PTEN activity, or is upregulated in PTEN positive tumors through autocrine and paracrine cell membrane receptorligand interactions (Pfeil et al., 2004) . Recent evidence indicates that both PTEN inactivation and AKT phosphorylation are hallmarks of aggressive prostate cancer. Although PTEN inactivation is present in only 10%-15% of primary prostate cancers, PTEN loss is detected in 30%-50% of hormone-refractory tumors, as well as 60% of xenograft models derived from metastatic prostate cancer cells (Wang et al., 2003; Pfeil et al., 2004) . Furthermore, loss of PTEN correlates with aggressive local disease (T3b-T4 tumors) and Gleason score >6 (McMenamin et al., 1999) . Activation of AKT induces AR (androgen receptor) phosphorylation, as well as AR up-regulation, that can hinder androgen-deprivation-induced apoptosis of prostate cancer cells (Lin et al., 2001; Ghosh et al., 2003) .
Integrin-linked kinase (ILK) is a serine/threonine protein kinase, that interacts with cytoplasmic domain of β1-integrin and β3-integrin and has been functionally linked to integrin and Wnt signaling pathways (Hannigan et al., 1996; Li et al., 1997; Wu and Dedhar, 2001) . ILK regulates several integrin-mediated cellular processes including cell adhesion, fibronectin-ECM assembly and anchorage-dependent cell growth (Hannigan et al., 1996; Radeva et al., 1997; Cieslik et al., 1998) . Upon cell adhesion, ILK is transiently activated and directly phosphorylates AKT Ser473 (Lynch et al., 1999) and glycogen synthase kinase-3 (GSK3) (Cieslik et al., 1998) ; in contrast, inhibiting ILK in cancer cells inhibits AKT phosphorylation and cell survival. Recent evidences indicated that ILK-1 mediates anoikis resistance by inhibiting apoptosis signals such as caspase-3 and 8 even without activation of integrin/ECM signals, possibly via recruiting through α-parvin-mediated targeting of AKT to lipid rafts (Attwell et al., 2000; Fukuda et al., 2003; Hannigan et al., 2005) . In prostate cancer, ILK expression increases significantly with tumor progression and related to the increased proliferative index during progression. ILK expression inversely correlated with 5-year patient survival (Graff et al., 2001 ).
Epithelial-Mesenchymal-Transition: A State-of-Action Controlling
Anoikis?-The functional outcome of epithelial-mesenchymal transition (EMT) in prostate cancer progression to castration-resistant disease is complex, given the uncertainty surrounding the contribution of the androgen axis to prostate cancer metastasis. Indeed the impact of androgen suppression to metastatic dissemination of prostate cancer cells is still a subject of debate, with the notion that androgen deprivation therapy may down-regulate the AR levels in prostate tumors. One could speculate that a threshold low AR level may promote EMT, ultimately facilitating metastatic spread of prostate tumor epithelial cells. The inhibition of EMT response to androgens by AR overexpression, points to: (a) an inverse relationship between AR content and EMT induction and (b) a potential biochemical basis for the metastatic behavior of prostate cancer cells from recurrent castration-resistant tumors. Since long term androgen deprivation may down-regulate AR expression, this threshold of "low" AR status facilitates androgen-induced EMT, thus promoting cancer metastasis. Recently gathered data in our lab demonstrate that AR antagonists reverse the EMT changes triggered by androgens in prostate cancer cells thus supporting the ability of elevated AR to prevent androgen-induced E-cadherin reduction and N-cadherin-induction (Zhu and Kyprianou, 2009 ). The clinical evidence that intermittent androgen deprivation therapy benefit patients in prostate cancer progression (Boccon-Gibod et al., 2007) , certainly provides additional support for this concept. Snail, is a transcriptional repressor of E-cadherin, that plays a critical role in EMT, thus being recruited in the EMT molecular profiling. A direct functional connection to anoikis was recently documented, as Snail can also tightly regulate anoikis by enhancing both cell detachment (from the primary tumor site) and reattachment (to the secondary site), via targeting the basement membrane proteins such as laminin (LN) α3, β3, and γ2 (laminin-5/LN-5) and receptors for LN-5, including integrins α3, α6, or β4 (Haraguchi et al., 2008) . Moreover, Snail has also been linked to the development of apoptosis resistance by activating cell survival pathway such as the phosphatidylinositol 3(PI3)/Akt signaling and by inhibiting caspse-3 pathway (Barrallo-Gimeno and Nieto, 2005) . One cannot ignore the striking presence of transforming growth factor-β (TGF-β) in the cellular landscape of EMT and apoptosis milieu in prostate epithelial cells (Rennebeck et al, 2005) . Considering the autocrine regulation of expression of this multifunctional cytokine as well as the ill-fated alliance between TGF-β signaling and tumor progression, the challenge is to identify modalities that do not interfere with the positive effects of TGF-β as a tumor suppressor (apoptosis induction) at the onset of malignant transformation and tumorigenic growth, while inhibiting the dysfunctional TGF-β in advanced prostate cancer (metastasis promoter).
Intrinsic Apoptosis Signaling-The mitochondrial pathway activates downstream
caspases as a result of releasing cytochrome c, Smac/DIABLO and Omi/Htra2 from the mitochondria into the cytoplasm. Released proteins mediated activation of caspase-3, -7 and -9, and induce apoptosis. Cytochrome c mediate formation of apoptosome by recruiting apoptotic protease activating factor (Apaf-1) and pro-caspase-9 where caspase-9 get cleaved and become activated and cleaved. Caspase-9 cleavage mediates the further downstream activation of caspase-3 and -7 (Simpson et al., 2008; Slee et al., 2001 ).
The mitochondrial apoptotic signaling is regulated through the pro-apoptotic and anti-apoptotic protein in Bcl-2 family (DiPaola et al., 2001 ). Pro-apoptotic members of the Bcl-2 family such as Bax, Bad, and Bid, allowing for mitochondrial cytochrome c release and caspase cascade activation (DiPaola et al., 2001) . Their activities are antagonized by anti-apoptotic members, most notably Bcl-2 and Bcl-xL, inhibiting the release of cytochrome c from the mitochondria, consequently inhibiting mitochondrial-induced apoptosis (DiPaola et al., 2001) . Tumor cell survival is dictated through the intrinsic balance between pro-apoptotic to anti-apoptotic family members. Recent evidence implicates the Bcl-2 family of apoptosis signaling effector proteins (intrinsic pathway) play active role in anoikis. For non-transformed cells, detachment from the ECM induces down regulation of Bcl-xL and stimulates release of mitochondrial Omi/HtrA2, thus mediating anoikis. However, in Ras transformed cells, detachment fails to induce Bcl-xL down regulation, but leads to Bak down-regulation, which subsequently blocks the release of Omi/HtrA2 resulting in anoikis resistance (Simpson et al., 2008) .
Ample evidence indicates that in poorly differentiated prostate tumors, Bcl-2 and other antiapoptotic members of its family are significantly up-regulated (Kajiwara et al., 1999; McCarty, 2004) . Over-expression of Bcl-2 and Bcl-xL has been related to resistance to both chemotherapy and radiation therapy (McCarty, 2004) . Bcl-2 family also plays a critical role in the androgen-signaling axis operating in prostate cancer cells. In androgen-responsive prostate cancer cells, androgens down-regulate expression of pro-apoptotic Bcl-2 family members such as Bax (Coffey et al., 2002) . Increased Bcl-2 and Bcl-xL expression in androgenindependent tumors (Furuya et al., 1996) is directly linked to the ability of prostate cancer cells to survive in an androgen-free environment (Kajiwara et al., 1999) . Taken together these lines of evidence emphasize the functional significance and predictive value of Bcl-2/Bcl-xL overexpression as potential key regulators of androgen-independent recurrence in prostate tumors after prolonged androgen ablation therapy (McCarty, 2004) .
The BH3-only proteins including Bid, Bad, Bim, Bmf and Noxa are essential during mitochondrial-mediated apoptosis (Bouillet and Strasser, 2002) . Bim is the most characterized to be the potent pro-apoptotic protein that functions in the intrinsic apoptosis pathway, triggered via withdrawal of growth factor signals (Biswas and Greene, 2002; Gilley et al., 2003; Wang et al., 2004) or exposure to pro-apoptotic triggers (Enders et al., 2003; Sunters et al., 2003; Wang et al., 2004) . When epithelial cells detach from the ECM, Bim translocates to the mitochondria, where a vital interaction with Bcl-xL, further blocks its pro-survival function, while promoting Bax activation (Reginato et al., 2003) . Upon attachment to the ECM, integrinmediated signals promote extracellular signal-regulated protein kinases (ERKs) and phosphatidylinositol 3-kinase (PI3K)/Akt-mediated phosphorylation of Bim, mediating its proteosome-dependent degradation. The onset of anoikis is followed by inhibition of the ERK and PI3K/Akt downstream signals and concomitant stimulation of Bim phosphorylation, which prevents Bim from degradation and intracellular accumulation and subsequently promoting anoikis (Giannoni et al., 2008 (Giannoni et al., , 2009 Wang et al., 2004) .
The family of inhibitors of apoptosis proteins (IAPs) inhibits caspase-3, -7, and -9 activation, resulting in decreased apoptosis (Schimmer, 2004) . Thus far, eight human IAPs have been identified including X-linked inhibitor of apoptosis protein (XIAP), inhibitor of apoptosis protein 1 (IAP1), inhibitor of apoptosis protein 2 (IAP2), and survivin (Krajewska et al., 2003) . While they all appear capable of inhibiting effector caspases, IAP1 and IAP2 can directly and potently up-regulate NF-κB expression (McEleny et al., 2001) . Elevated expression of all four IAPs has been shown in both animal models of prostate cancer and prostate tumors from patients undergoing prostatectomy, and this elevation appears to be present early in prostate cancer development (McEleny et al., 2001) . Indeed, recent evidence suggests that XIAP inhibition enhances chemotherapy sensitivity in otherwise resistant prostate cancer cell lines (Amantana et al., 2004) . Another small study consisting of 23 patients revealed that expression of both IAP1 and IAP2 was dramatically up-regulated in patients receiving neoadjuvant androgen ablation, implicating IAPs in androgen independence (McEleny et al., 2001 ).
TrkB is a neurotrophic tyrosine kinase receptor 4, 5, that was identified as a potent and specific suppressor of caspase-associated anoikis through the genome-wide functional screen of anoikis suppression (Douma et al., 2004) . TrkB confer anoikis resistance via activating the phosphatidylinositol-3-OH kinase/protein kinase (PI3-kinase) pathway. TrkB induced the formation of large cellular aggregates that survive and proliferate in suspension in vitro and induced rapidly growing tumors that infiltrated lymphatic and blood vessels to colonize distant metastasis in vivo. Overexpression of TrkB has been documented in several tumors including neuroblastoma and pancreatic cancer (Brodeur et al., 1997; Sclabas et al., 2005) . In prostate cancer, TrkB overexpression was observed in 22 out of 32 cases of primary tumors and 6 out of 10 bone metastases (Dionne et al., 1998) .
Therapeutic Value: Overcoming Anoikis Resistance in Metastatic Tumors
Novel Quinazoline-based Compounds
Experimental and clinical studies documented that the clinically available quinazoline-based α 1-adrenoceptor antagonists, doxazosin and terazosin, exert potent anti-tumor growth effects via induction of apoptosis in prostate epithelial, smooth muscle and endothelial cells. Suppression of prostate tumor growth by these drugs proceeds via a α 1 -adrenoceptorindependent mechanism, mediated by receptor-mediated apoptosis involving death-inducing signaling complex (DISC) formation/caspase-8 activation and inhibition of Akt activation. (Keledjian et al., 2005; Keledjian and Kyprianou, 2003; Rennebeck et al., 2005) . Pharmacological exploitation of the existing FDA-approved drugs resulted in the structural optimization of quinazoline's chemical nucleus and structure-function analysis led to the development of a novel class of apoptosis-inducing and angiogenesis-targeting agents. The two lead compounds, DZ-3 and DZ-50, are shown to be effective at inhibiting epithelial and endothelial cell survival by targeting the Akt survival pathway and preventing angiogenesis. DZ-50 reduces tumor cell adhesion to the ECM by promoting anoikis and inhibits tumor growth and neovascularization "in vivo". The parent compound, doxazosin induces cell death via the death receptor mediated apoptotic signaling and inhibition of Akt survival signaling (Garrison and Kyprianou, 2006) . The novel quinazoline compounds induce anoikis in both prostate tumor epithelial and endothelial cells with higher potency than the parent drug, doxazosin (Garrison et al., 2007) . The mechanism driving this effect involves targeting of the VEGF-mediated angiogenic response and integrin mediated focal-adhesion complex. One of the lead drugs of this second generation compounds significantly impaired the metastatic potential in an in vivo prostate metastasis model by specifically targeting tumor vascularity without affecting their proliferative dynamics (Garrison et al., 2007) . Moreover, the experimental evidence gathered so far points to a potent primary prevention activity of the lead drugs in impairing the onset of prostate tumor development in a xenograft model. These quinazoline-derived drugs may have therapeutic potential in preventing distant metastasis via inducing anoikis in tumor epithelial as well as endothelial cells (targeting vascularity).
PPARγ Inhibitor
Peroxisome proliferator-activated receptor gamma (PPAṚ-γ) belongs to the nuclear hormone receptor family; a protein mainly expressed in adipose tissue, plays a central role in adipocyte differentiation and insulin sensitivity (Desvergne and Wahli, 1999) ; recently PPAṚ-γ is implicated as a putative therapeutic target for cancer in a variety of tumors due to its ability to inhibit tumor cell growth (Martelli et al., 2002; Panigrahy et al., 2003) . Inhibition of PPAR-γ̣ -induced anoikis in squamous carcinoma and hepatocellular carcinoma (Schaefer et al., 2005) via suppressing integrin α5 expression and blocking FAK signaling.
TrkB Inhibitor
Tropomyosin-related kinases (Trks) are a family of receptor tyrosine kinases activated by neurotrophins. Trks play important roles in tumor cell growth and survival signaling. Thus, inhibitors of Trk receptor kinases hold considerable therapeutic promise in enabling targeted anti-tumor strategies. The Pan-Trk inhibitors have been used in tumor xenograft and transplantation models and suppressed the xenograft growth in a number of cancer models including neuroblastoma, medulloblastoma, prostatic and pancreatic cancer cell lines. Moreover, Trk inhibitors have already been used in phase I clinical trials (Marshall et al., 2005; Undevia et al., 2004) . They appear to be tolerated well, but fail to elicit a tumor response in a limited number of patients suffering from mostly solid tumors. Phase II clinical trials are currently under way, which may bring additional data on the suitability of Trks as anti-cancer therapeutic targets (Desmet and Peeper, 2006) .
SRC Inhibitor
The Src family of kinases is currently being investigated as valuable therapeutic targets for cancer treatment including prostate cancer. In orthotopic nude mouse models, dasatinib treatment effectively inhibit both tumor growth and development of lymph node metastases in both androgen-sensitive and androgen-resistant prostate cancer (Park et al., 2008) . Dasatinib suppresses cell adhesion, migration, and invasion of prostate cancer cells by blocking the kinase activities of the SFKs, Lyn, and Src, in human prostate cancer cells at low concentrations. Moreover, focal adhesion kinase and Crk-associated substrate (p130(CAS)) signaling downstream of SFKs are also inhibited (Nam et al., 2005) . Several clinical trials with the SRC inhibitor Dastanib, are being developed. Phase II clinical trials are ongoing for the treatment of patients with castration-resistant prostate cancer with Dastanib (alone) (Clincaltrials.gov) . Dasatinib in combination with docetaxel, for the treatment of metastatic castration-resistant prostate cancer (CRPC) is currently under a Phase III clinical trial (Clinicaltrial.gov). Neoadjuvant Dasatinib Plus LHRH Analogue Therapy in High-Risk Localized Prostate Cancer is in phase II clinical trial (Clinicaltrials.gov) , with anxious anticipation of the final therapeutic impact.
Talin Resisting Anoikis
Recent mechanistic findings generated in our laboratory (Sakamoto S, 2009) , provide the first evidence that talin1, an integrin-activator might be responsible for the acquisition of the primary tumor cell invasive and metastatic properties leading to prostate cancer metastasis by conferring anoikis resistance (Fig. 2) . The significance of anoikis lends tremendous value to the anoikis phenomenon in predicting metastatic potential (by analyzing anoikis signaling effectors such as talin1) in primary prostate tumors/biopsy specimens using microarray analysis or proteomics-based approaches. One could easily consider the possible formulation of a nomogram systematically predicting the metastatic potential of the primary tumor by combining immunohistochemical findings, such as differentiation or Gleason Score plus anoikis related signaling profiling. Indirect as the current evidence might be, the therapeutic promise is appealing: in patients with high risk for metastasis, early targeting with specific inhibitor-based chemotherapy may benefit patient long-term survival by reversing anoikis resistance and ultimately suppressing the tumor metastatic spread, prior to its initiation.
Summary
Prostate cancer progression to advanced metastatic disease is associated with relapse to a castration-resistant state due to impaired apoptotic response to androgen ablation. The biological repertoire of the epithelial and endothelial cells under the control of an array of growth factor signaling mechanisms (such as the TGF-β pathway) is intimately associated with EMT and the anoikis phenomenon towards prostate tumor metastasis. Characterization of the anoikis signaling network operated in response to extrinsic apoptosis triggers in conjunction with intracellular branches of the Akt survival and MAP kinase pathways, has enabled the therapeutic exploitation of this unique mode of cell death during cancer development and progression to metastasis. The current clinical interest surrounding the efficacy of systematically administered short hairpin RNA (shRNA) as an effective therapeutic strategy in human cancers can be applied to anoikis regulators towards impairing metastatic disease. The success of this approach depends on the ability to discern the proteins to be targeted and more importantly, to successfully and selectively deliver the shRNAs to tumor cells. The knowledge gathered so far from molecular dissection of apoptosis signaling would allow for the combination targeting of (classic) apoptosis and anoikis death modes in cell-type dependent content within the microenvironment, towards suppression not only of the primary tumor growth but also of aggressive metastatic spread. The apoptotic action of the novel quinazolinebased compounds via triggering anoikis of prostate cancer cells could be consequential to targeting TGF-β receptors, a mechanism holding major therapeutic promise for treatment of metastasis initiation. Temporal targeting of anoikis signaling pathways should be implemented during the transition from the detachment of transformed malignant cells from the ECM and initiation of the metastatic process. Defining a predictive marker or a molecular signature (in the context of the tumor microenvironment), prior to the onset of metastasis will enable the level of anoikis resistance and the selection of prostate cancer patients likely to exhibit therapeutic benefit in response to anoikis resistance "reversal" agents. Acquisition of migratory and invasive potential enable cancer cell to detach from the primary site and enter circulatory and lymphatic system. Upon detachment, most of the cells lose the ECM mediated cell survival signals and subsequently lead to anoikis. However, some cancer cells acquire the ability to survive after loss of cell adhesion due to activation of anoikis resistance mechanisms and embark on the metastatic journey. These cancer cells adhere to the distant sites, proliferate and recruit a vascularity network at the secondary organ as distant metastasis tumors. Cell detachment induces upregulation of pro-apoptotic protein, like Bim and down regulation of anti-apoptotic regulatory proteins such as BCL-2, which activate the cytochrome-C release from the mitochondria and subsequently trigger activation of Caspase-9 and 3 to induce apoptosis.
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